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February 12, 2013:686–91(Fig. 1A) with major lobes and pectinate muscles—not the
secondary or even tertiary “lobes” or “twigs” (4) (Fig. 1B)—is
important, because spontaneous echo contrast (SEC) has to be
distinguished from thrombus formation (3). In the text, Di Biase
et al. (1) admitted that such a classification of LAA morphologies
is too complicated and impractical, and they stated “from a
practical perspective . . . only patients with Chicken Wing LAA
morphology, which is the most prevalent and easiest to detect.”
More importantly, despite the statistical correlation, we disagree
that there is a plausible causality connecting the LAA morphology
and the history of stroke. Our reasons are as follows. First,
although LAA thrombus is a possible cause of stroke in patients
with atrial fibrillation, this connection was not established in the
present work. To find a direct source of an embolic event is often
difficult even prospectively. Obviously, other causes of stroke/
transient ischemic attack include cardiac vegetation, valvular dis-
ease, dilated cardiomyopathy, atrial septal aneurysm, atrial septal
defect, patent foramen ovale, as well as aortic atheroma and
cerebral vascular disease. These variables have to be included in the
multivariate analysis, because they are more naturally related to the
history of stroke. Second, SEC occurs primarily with evidence of
stagnant blood and has been recognized as a precursor to the
development of a solid thrombus, especially in a dilated left
atrium/LAA (3,5). In their Table 1 and other tables (1), the
easurement of the LAA volume was expressed without units, and
he LAA velocity was incorrectly expressed in “mm.” If this unit of
elocity represents “mm/s,” the values represent very low LAA
mptying flow velocities that were not different between the
ifferent LAA morphologies. The LAA emptying flow velocities
elow 300 mm/s are associated with increased risk of SEC, sludge,
r even thrombus formation. Third, the anticoagulation regimen
nd status should be included as a major variable to be analyzed in
atients with stroke. Finally, references 16 and 17 that the authors
1) cited did not provide data on “a direct association between the
AA size and the risk for the stroke.”
Although the investigators should be congratulated for report-
ng on such a large cohort of patients who underwent the LAA
orphology studies by CT or magnetic resonance imaging, we
ound their classification of LAA morphologies impractical and
omplicated. There was no definitive evidence to show a natural
orrelation between the LAA morphologies and the history of
troke. The findings of very low LAA flow velocity with no
tatistical differences among the 4 different LAA morphologies
lso did not support that patients with non-Chicken Wing LAA
orphology are significantly more likely to have an embolic event
s compared with the other three LAA morphologies. Statistical
orrelations can be misleading in the absence of plausible hypoth-
ses implying possible causation. We would urge caution.
Jian-Fang Ren, MD
avid J. Callans, MD
rancis E. Marchlinski, MD
University of Pennsylvania Health System
11 North 9th Street
hiladelphia, Pennsylvania 19107-2452
-mail: jianfren@yahoo.comhttp://dx.doi.org/10.1016/j.jacc.2012.09.061 hEFERENCES
1. Di Biase L, Santangeli P, Anselmino M, et al. Does the left atrial
appendage morphology correlate with the risk of stroke in patients with
atrial fibrillation? Results from a multicenter study. J Am Coll Cardiol
2012;60:531–8.
2. Veinot JP, Harrity PJ, Gentile F, et al. Anatomy of the normal left atrial
appendage: a quantitative study of age-related changes in 500 autopsy
heart: implications for echocardiographic examination. Circulation
1997;96:3112–5.
3. Ren JF, Marchlinski FE, Supple GE, et al. Intracardiac echocardio-
graphic diagnosis of thrombus formation in left atrial appendage: a
complementary role to transesophageal echocardiography. Echocardi-
ography 2013;30:72–80.
4. Stöllberger C, Ernst G, Bonner E, Finsterer J, Slany J. Left atrial
appendage morphology: comparison of transesophageal images and
postmortem cast. Z Kardiol 2003;92:303–8.
5. Ren JF, Marchlinski FE, Callans JD. Left atrial thrombus associated
with ablation for atrial fibrillation: identification with intracardiac
echocardiography. J Am Coll Cardiol 2004;43:1861–7.
Reply
We welcome the comments by Dr. Ren and colleagues because
they provide an occasion to reiterate several key points from our
study that we suspect have been missed.
The main criticism raised by Ren et al. is that the left atrial
appendage (LAA) morphology classification adopted in our study
is “impractical and complicated.” Although the scientific validity of
such subjective statements is highly questionable, we would like to
point out that the results of the formal interobserver agreement test
(provided in the original paper) clearly refute the arguments by Dr.
Ren and colleagues Indeed, different LAA morphologies were
correctly classified by different and blinded investigators with a
high level of agreement (1).
In addition, since the classification Chicken Wing/non-Chicken
Wing is very simple and practical, and since the results are confirmed
while sorting between these 2 variables (Fig. 6), we wonder why the
authors question the complexity of the analysis (1).
Moreover, the LAA morphology classification is derived from
previous studies by our group (2) and others (3–6), in which
different LAA morphologies were defined in an unselected cohort
of atrial fibrillation (AF) patients.
The authors suggest that intracardiac echocardiography (ICE)
can provide detailed imaging of the LAA. Again, such a statement
is not supported by any published evidence and therefore remains,
in our view, a purely subjective assertion. Of note, Dr. Ren and
colleagues correctly point out that the LAA is typically formed by
several different lobes “which might not be in the same plane.”
With these premises, it is highly unlikely that a 2-dimensional
imaging technique such as ICE would be of any value in studying
the complex 3-dimensional LAA morphology (7).
In addition, ICE is an invasive approach and therefore less
ractical than computed tomography or magnetic resonance im-
ging.
Dr. Ren and colleagues also question the etiology of the strokes
n our study, stating that “LAA thrombus is [only] a possible
ause” of stroke in AF patients and that “cardiac vegetation,
alvular disease, dilated cardiomyopathy, atrial septal aneurysm,
trial septal defect, patent foramen ovale, as well as aortic atheroma
nd cerebral vascular disease” are “more naturally related to the
istory of stroke.” Unfortunately, the validity of such statements
as been already rejected by multiple studies on AF patients with
R691JACC Vol. 61, No. 6, 2013 Correspondence
February 12, 2013:686–91stroke, which have consistently reported LAA thromboembolism
as the dominant etiology of stroke in these patients (8).
On the other side, we also wish to clarify that other causes of
strokes were adequately excluded in these patients at the time of
the event with appropriate tests.
In closing, we agree with Dr. Ren and colleagues that statistical
correlation does not imply causation, and an adequately prospec-
tive study is warranted to confirm whether thromboembolism from
non-Chicken Wing LAA is a frequent cause of stroke in patients
with AF—as the results of our study might suggest—or whether
“cardiac vegetation, valvular disease, atrial septal aneurysm, atrial
septal defect, patent foramen ovale, aortic atheroma” are the
predominant cause of stroke in AF patients, as Dr. Ren and
colleagues claim.
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